CNDO/2 method with 27 unit cells composed of 216 atoms, has been used for calculating and studying the lattice constant, density, total energy, cohesive energy, bulk modulus, microhardness, Young modulus, speed of sound, acoustic phonons energy, plasmon energy and vibrational energy, for diamond, silicon, germanium, and gray tin subjected to tensile stress. And to investigate the categories of these clusters; do these clusters have properties of nano materials or properties of bulk materials? It is found that most values of the investigated properties decrease with tensile stress except the lattice constant and the vibrational energy. In addition, two simple formulas have been established for both the bulk modulus and plasmon energy. It is found that the investigated clusters show bulk behavior.
Introduction
The general properties of IV materials make them useful in many fields [1] [2] [3] , such as the field of electronics [4] [5] [6] . So these materials have been extensively investigated [7] [8] [9] [10] [11] [12] [13] . The variation of material properties with pressure is an interesting field [14] [15] . So, the first motive of the present work is to investigate the effect of pressure on some properties of diamond, silicon, germanium, and gray tin. The second motive is to answer the following question: Could the 216 atom clusters of these elements be regarded as nano materials or bulk materials concerning the structural properties?
A LUC (Large Unit Cell) composed of 27 unit cells (each of these units contains 8 atoms) has been used in the present analysis. The CNDO/2 method with STO (Slater Type Orbital) and LCAO (Linear Combination of Atomic Orbitals) approximation [16] was used to calculate the lattice constant, cohesive energy, total energy, and bulk modulus of the aforementioned elements. The Young modulus, microhardness, speed of sound, energy of phonons and plasmons have been also determined.
Calculations
The orbital exponent (ξ), bonding parameter (β), s-shell electronegativity (EES), and p-shell electronegativity (EEP), shown in Table 1 for the four elements, are the pa- [23] 220 [24] in order to estimate the change of energy E(V) with pressure [30] .
This change, using Equation (2), determines the change of vibrational energy (F vib ) [26] as below: 
where I is the ionicity factor which equals 0, 1 and 2 for IV, III-V and II-V groups respectively [31] , and d (= 0.433 a) is the intratomic distance [23] , where a is the lattice constant at any pressure. Then both the isothermal bulk modulus at any pressure (B T ), Equation (4) [32] , and the derivative of bulk modulus at zero pressure ( o B ), Equation (5) [23, 33] , have been calculated as:
By solving Equations (4) and (5), one can get:
where
The results of volume vs pressure are shown in Figure 1, in comparison with:  Murnaghan equation of state EOS [34] of pressure (P M );
where n e is the volume of the bond which equals [39] :
and N is the number of atoms in the unit cell which equals 8, e and m are the charge and the mass of electron respectively, and ε o is the permittivity of vacuum. By gathering Equations (15), (16) and (6), one can get:
Gathering Equations (17), (18) and (6), one can get: 
Results and Discussion
The results of the present work illustrated in Table 2 , are in good agreement with experimental results of bulk materials. So we can assume that the structural properties of 216 atom clusters (1.21 nm, 4.32 nm, 4.89 nm, and 7.35 nm for C, Si, Ge, and Sn respectively) are properties of the corresponding bulk materials. To get a wide understanding of the four elements properties, the microhardness (H) [36] and the Young modulus (E) [37] are also calculated as below:
As shown in Figures 2 and 3 , the increase of tensile stress leads to an increase of volume and a decrease in the density. Strain, caused by tensile stress, gives the following results:
1) Alterations of the orbitals [39] , and an increase of the distance between atoms [40] .
2) A decrease of the bond strength [41] which depends on the distance [42] . where ζ is (a/a o ) and ε is the strain. Also the speed of sound (υ s ) is calculated as [29] :
3) A decrease of the bulk modulus [43] . It is known that the bulk modulus represents the resistance of matter to the change in volume [44] , and it can be considered as the sum of the bulk modulus of all atoms [45] according to the AIM (atoms in molecules) theory [46] . Because the bulk modulus depends directly upon the density [47] and the charge distribution between atoms [48, 49] , i.e. the bonds [44] , the bulk modulus decreases with the tensile stress.
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where ρ o and υ os are the density and the velocity of sound at [z-PT], respectively. The velocity of sound equals the average of phonons velocity ( ph  ) [38] . And from [30] , the phonon velocity, angular frequency ( ph w ), phonon energy ( ph E ) and the plasmon energy (E pl ) equal: 4) A decrease of the Young modulus because it depends upon the bulk modulus [47] . 5) An increase of the rigidity because the tensile stress decreases the microhardness [50] .
As shown in Figures 4-6 , the speed of sound, the energy of phonon and the energy of plasmon decrease when the tensile stress increases.
The sound waves produce charge distribution, according to Kornyushin who has showed that the plasma affects the charge distribution and so the sound wave [51] . On the other hand, the phonon frequency affects the effective charge [52] , because the effective charge depends upon the charge distribution and determines the plasma frequency [53] . According to Sanjurjo, the compressive pressure increases the effective charge for IV-IV materials and vice verse [52] . Meanwhile, depending on Burstein who has illustrated that the decrease in the effective charge decreases the plasmon frequency [53] , one can find that our results of the behavior are in good agreement with experiment [52] for both the plasmon and phonon energies.
It is shown from Figure 7 that the vibrational energy increases as the tensile stress increases. Many properties of solids depend on the phonons which determine the atoms vibration [54] , where the velocity of sound depends on the atoms arrangement [55] . The crystal is considered as a group of harmonic oscillators [56] , according to Bornvon Kármán theory, in order that the atoms in the lattice interplay with the nearest atoms only [57] . From all above and according to Polit who mentioned that the change of the lattice constant changes the charge distribution which affects the atoms' force field and these potentials modify the vibration energy [58] .
Conclusions
From the results of the present work, it can be concluded that:
1) The 216 atom clusters of C, Si, Ge, and α-Sn can be considered as bulk materials concerning the structural properties.
2) The range of the elastic deformation for diamond is the smallest.
3) The higher the tensile stress, the higher the rigidity of the sample.
4) The inclusion of the bulk modulus in every change may be very important in some properties because it can limit their variation range caused by external factors.
5) The relation of phonons gives approximated results, however, it is simple and could be used for behavior study.
